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reduced but not abolished, were not as sensitive as Here we have shown that Rtt109 is a mem- 8. A. Ozdemir et al., J. Biol. Chem. 280, 25949 (2005).
ritl09A cells (Fig. 3, A and B). Moreover, 7#t/09A  ber of a novel HAT family that acetylates H3- 13~ ; quh'os' éh?”%a“ﬁa eGntmEmAAEZZiﬂ 373 h(;r?SS)
H3-K5§R and r{t]O?A H3-.K.5(.5/.4 double-mutant ~ K56. The r#t/09A mutant exhibited a synthetic Biochem'ism, 45, 2852 (2006). ' '
cells displayed similar sensitivities toward these lethal or slow-growth phenotype with a mu- 11, 1. celic et al., Curr. Biol. 16, 1280 (2006).
DNA-damaging agents as either single mutant tant allele of PCNA (proliferating cell nuclear ~ 12. N. L. Maas, K. M. Miller, L. G. Defazio, D. P. Toczyski,
alone (Fig. 3A and fig. S5). In contrast, cells antigen), po/30-79, which is defective in DNA Mol. Cell 23, 109 (2006). .
. . . . . . 13. ]. Recht et al., Proc. Natl. Acad. Sci. U.S.A. 103, 6988
expressing 71109 site-specific mutants where H3-  replication and repair (27), but not with the (2006).
K56 acetylation was not affected were resistant to  PCNA mutant allele, pol30-8, which is defec- 14, A sutton et al., J. Biol. Chem. 278, 16887 (2003).
these DNA-damaging agents (Fig. 3B and fig. tive in epigenetic silencing (22) (fig. S8A).  15. D.T. Scholes, M. Banerjee, B. Bowen, M. ]. Curcio,
S6). These results suggest that the ability of  The r#/09A mutant also exhibited a synthetic ” ge’&-’““ 15t9'_ 1‘;‘/‘9 (2;?0,1__)- 4 Sy, 259, 78 (2000
gt . 3 . . R. Nlarmorstein, Novartis round. symp. 'y .
Rtt109. to suppress sc.:nsmVlty. toward. DNA !ethal/slow growth phenotype with a mutation 17. N. 1. Krogan et al., Nature 440, 637 (2006).
dal.na}gmg agents is mainly mediated by its HAT in DNA polymerase o .(ﬁg. SSB) and Was Pre- 15, . Lisby, U. H. Mortensen, R. Rothstein, Nat. Cell Biol. 5,
activity toward H3-K56. viously found to genetically interact with Orc2 572 (2003).
In budding yeast, Rad52 forms spontaneous  and Cdc45 mutations (23, 24). All of these 19 M. Lisby, R. Rothstein, U. H. Mortensen, Proc. Natl. Acad.
foci, predominantly during S and G,-M phases  proteins are involved in DNA replication. The Sci. U.S.A. 98, 8276 (2001). .
. .. . 20. E. Shor, ]. Weinstein, R. Rothstein, Genetics 169, 1275
of the cell cycle, and these foci are thought to be  genetic interactions between Rtt109 and the pro- (2005).
sites of repair of DNA lesions (/8, 19). Cells teins involved in DNA replication suggest that  21. J. C. Eissenberg, R. Ayyagari, X. V. Gomes, P. M. Burgers,
with mutations in proteins involved in DNA  the r##/09A mutant cells are defective in certain Mol. Cell. Biol. 17, 6367 (1997).
metabolism, such as Top3 exhibit elevated lev-  aspects of DNA replication. In support of this 2% (ZZ‘OZ(;‘;)“Q' K. Shibahara, B. stillman, Nature 408, 221
§ls of Rad52 foci, possibly due to an increase  idea, the r#/09A mutant exhibits 'synthetig le- 53 B suterer al., Genetics 167, 579 (2004).
in spontaneous chromosome breaks (20). The  thal or slow-growth phenotypes with mutations  24. A. H. Tong et al., Science 303, 808 (2004).
rttl09A and H3-K56R single- and double- in genes such as RAD52, which are involved in ~ 25. X. Pan et al., Cell 124, 1069 (2006). 4
mutant cells showed a substantial increase in  homologous recombination (25), a process that ~ 26- E-SZD-(;((‘;([)";)”E“ C. D. Putnam, K. Myung, Science 297,
Rad52 fused with yellow fluorescent protein is needed to resolve stalled replication forks (26). 5, e hank 1. M. Th ompson, 5. Kaufmann, J. Chen,

(Rad52-YFP) foci (Fig. 3, C and D). Moreover,
the rtt109A H3-K56R double-mutant cells did
not exhibit more Rad52 foci than either r#109A
or H3-K56R mutant alone (Fig. 3D). Thus, the
increase in Rad52-YFP foci observed in r1t109A
mutant cells appears mainly to be due to loss of

Thus, H3-K56 acetylation by Rtt109 is closely
linked to DNA replication.
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the molecular properties that confer efficient
transmissibility of influenza viruses. An influ-
enza virus bearing all eight gene segments of the
1918 pandemic virus was recently generated in
cultured cells, was found to be lethal for chicken
embryos and mice, and displayed a high-growth
phenotype in human lung cells. Furthermore,
the 1918 hemagglutinin (HA) and polymerase
genes were shown to be essential for maximal
virus replication and optimal virulence (3—5).
Influenza pandemics seem to occur every 10
to 40 years, but the factors that lead to the emer-
gence of pandemic viruses are complex and
poorly understood. However, the establishment
of efficient and sustained human-to-human
transmission of a virus to which humans have
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The 1918 influenza pandemic was a catastrophic series of virus outbreaks that spread across the
globe. Here, we show that only a modest change in the 1918 influenza hemagglutinin receptor
binding site alters the transmissibility of this pandemic virus. Two amino acid mutations that
cause a switch in receptor binding preference from the human 0-2,6 to the avian 0-2,3 sialic
acid resulted in a virus incapable of respiratory droplet transmission between ferrets but that
maintained its lethality and replication efficiency in the upper respiratory tract. Furthermore,
poor transmission of a 1918 virus with dual 0-2,6 and o-2,3 specificity suggests that a
predominant human o-2,6 sialic acid binding preference is essential for optimal transmission

of this pandemic virus. These findings confirm an essential role of hemagglutinin receptor
specificity for the transmission of influenza viruses among mammals.
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(1, 2). The ability of this HIN1 pandemic strain
to spread rapidly and cause high rates of illness
among humans makes it valuable for studying
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little or no preexisting immunity is a fundamental
property of pandemic strains (6, 7). Most threat-
ening is the possibility of another pandemic,
similar to that experienced in 1918, caused by a
novel influenza subtype virus capable of causing
severe respiratory disease and death. The avian
influenza H5N1 virus, which has resulted in
more than 250 human infections (8), has not ac-
quired human influenza virus genes and lacks the
ability to spread efficiently from human to hu-
man (9, 10). Reassortment of avian HSN1 virus
genes with human H3N2 influenza virus genes
was shown to be insufficient for transmission of
this avian virus (//), suggesting that additional
unknown mutations are required for H5N1 to
emerge as a pandemic strain.

The binding of influenza viruses to their tar-
get cells is mediated by the viral HA, which rec-
ognizes cell surface glycoconjugates containing
terminal sialic acid (SA) residues. Avian influen-
za viruses preferentially bind SA linked to galac-

tose by an a-2,3 linkage (02,3 SA), which is
found in high concentrations on the epithelial
cells of the intestine of waterfowl and shorebirds
(12). Conversely, human influenza viruses (H1 to
H3 subtypes) more readily bind to receptors that
contain terminal a-2,6-linked sialyl-galactosyl
(02,6 SA) moieties that are found on the human
respiratory tract epithelium (73, /4). The three
influenza pandemic viruses of the last century,
occurring in 1918 (HIN1), 1957 (H2N2), and
1968 (H3N2), each possessed an HA with a hu-
man 02,6 SA binding preference and are thought
to have originated from an avian virus possessing
the 02,3 SA binding preference (/3—16). It has
been postulated that the lack of sustained human-
to-human transmission of avian influenza HSN1
viruses is due to their 02,3 SA receptor binding
preference (/7-19). Higher proportions of 02,3
SA receptors in the human lower respiratory tract
compared with the upper respiratory tract may
explain the severity of HSN1 viral pneumonia in

Table 1. Titer of virus stocks prepared on MDCK cells with trypsin (1 ug/ml, Sigma) and incubated
at 37°C with 5% CO, for 48 hours. Hemagglutination assay of viruses used 0.5% o-2,3-resialylated
CRBCs, a-2,6-resialylated CRBCs, or untreated CRBCs. The results shown correspond to four
hemagglutination units. Similar results were obtained when viruses were adjusted to 8, 16, or 32

hemagglutination units with untreated CRBCs.

Amino acid position

Presence or absence of

humans resulting from H5N1 viral attachment
deep in the lungs (17, 19).

Amino acids at positions 190 and 225 in the
1918 pandemic influenza virus HA determine its
receptor binding specificity (/5, 16). In this
study, we generated recombinant influenza vi-
ruses possessing all eight gene segments of the
1918 influenza virus to examine the role of re-
ceptor binding specificity on replication, pathoge-
nicity, and transmissibility of this pandemic strain.
We generated two variant A/South Carolina/1/18
(SC18) 1918 viruses in which the HA was al-
tered to change the receptor binding specificity
from the parental human 02,6 SA (SCI18) re-
ceptor preference to an avian 02,3 SA receptor
preference (AV18) or a mixed 02,6 and 02,3 SA
specificity reflecting the A/New York/1/18
(NY 18) virus binding specificity. The NY18 vi-
rus was a natural variant sequenced from an
archived lung tissue sample prepared during au-
topsy of a patient who died within 6 days of
hospitalization in September 1918 (20). The HA
corresponding to NY'18 virus was made by in-
troducing a single amino acid substitution
[Asp**—Gly** (D225G)] in the SC18 HA.
The AV18 virus, which differs by one amino acid
from NY18 virus, was made by introducing an
additional amino acid change [Asp'**—Glu'®
(D190E)] within the NY18 HA. Compared with

(H3 numbering) hemagglutination the SC18 virus, the AV18 variant has two amino
Infectivity titer a2,6 a2,3 Untreated  acid changes (DI90E and D225G) in the HA,
190 225 (pfu/ml) CRBCs CRBCs CRBCs which matches the conserved avian consensus
7 sequence in the receptor binding site and which
5C18 b b 4.8 x 107 N - * converts it to the classic 02,3 SA receptor pref-
NY18 D G 3.3 107 + + + erence (15). A/Duck/Alberta/35/76 (Dk/Alb) and
A\I:/uib E G 2.0 x 107 - + + A/Texas/36/91 (Tx/91) viruses were included in
Dl/A E G 22 x10 _ + + the study as controls representative of an avian
Inoculated Contact Inoculated Contact
A C
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E . Fig. 1. Replication in the upper respiratory tract and transmissibility of
3 69 H1N1 viruses. Three ferrets were inoculated with 10° PFU of SC18 (A),
% 5 Tx/91 (B), or Dk/Alb (C) virus and housed in individual cages. Naive
4] ferrets were placed in cages adjoined to those of the inoculated ferrets,
t‘;— 3] and viral shedding in the upper respiratory tract was assessed on al-
o ternating days for inoculated (left) and contact (right) ferrets. Results
24 from individual ferrets are represented. Solid and dotted bars of same
14 shade represent a separate ferret pair housed in adjoined cages. The limit
1 3 of virus detection was 10%? EIDso/ml.
Days pOSt inoculation/contact
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HINI virus and a human HINTI virus, respec-
tively. The 1918 viruses were generated by using
the previously described reverse genetics system
(21-23), and the identities of virus genes in the
rescued viruses were confirmed by reverse tran-
scription polymerase chain reaction and se-
quence analysis.

The rescued 1918 viruses containing the pa-
rental SC18 HA and the two variant HAs had
similarly high infectivity titers in Madin-Darby
canine kidney (MDCK) cells (Table 1). The
receptor-binding properties of the 1918 viruses
were confirmed in HA assays by using enzy-
matically modified chicken red blood cells
(CRBCs) that contain either 02,3 or 02,6 SA,
as previously described (/5). The AV18 virus
and the avian Dk/AIb control virus hemaggluti-
nated the 0.2,3-resialylated CRBCs only, whereas
the SC18 virus hemagglutinated the 02,6-
resialylated CRBCs only. The NY18 virus he-
magglutinated both 02,3- and 02,6-resialylated
CRBCs.

Pathogenesis and transmissibility of the pa-
rental 1918 (SC18) virus were evaluated and
compared with those of Tx/91 virus with an 02,6
SA receptor binding preference (/6) and with
those of the avian Dk/Alb virus possessing an
02,3 SA receptor binding preference (Table 1)
(24). Ferrets were housed in adjacent cages that

prevented direct and indirect contact between
animals but allowed spread of influenza virus
through the air (17, 25). They were inoculated
intranasally with 10° PFU (plaque forming
units). One day after infection, three naive ferrets
housed in transmission cages were placed
adjacent to each of the three inoculated ferrets
(26). Three additional inoculated ferrets from
each virus-infected group were killed on day 3
postinoculation (p.i.) for assessment of patho-
logic and virologic parameters (26). Ferrets in-
oculated with the parental SC18 virus shed high
titers of infectious virus in nasal washes begin-
ning as early as day 1 p.i. [50% egg infectious
dose (EIDsy/ml) from 10%% to 10”%*], and they
sustained titers of >10*> EIDs/ml for 9 days
p-i. (Fig. 1A, left). SC18 virus caused severe
disease in all inoculated ferrets starting 2 days
p-i.; symptoms included lethargy, anorexia,
rhinorrhea, sneezing, severe weight loss (Table
2 and fig S1), and high fever, and two of the
three animals died by day 11 p.i. Ferrets in-
oculated with HINI Tx/91 and Dk/Alb also
shed high titers of virus in nasal washes (peak
titers had EIDs¢/ml values from 10> to 10%%),
but they were able to clear the virus from the
upper respiratory tract by day 9 p.i. (Fig. 1, B
and C) after displaying minimal symptoms
(Table 2).

REPORTS

The human SCI18 and Tx/91 viruses effi-
ciently transmitted to each of the three contact
ferrets (Fig. 1, A and B, right). The SCI18 virus
was detected in the contact ferrets as early as day
1 postcontact (p.c.), whereas the Tx/91 virus
required 3 to 5 days to achieve detectable virus
titers in nasal washes of the Tx/91 contact fer-
rets. The Tx/91 contact ferrets exhibited little
morbidity, whereas all three SC18 contact ferrets
exhibited severe signs of illness and weight loss,
and one of three contact animals failed to clear
the virus before it succumbed to infection on day
6 p.c. In contrast to the efficient spread of SC18
and Tx/91 viruses, the avian Dk/Alb virus was
not transmitted to naive contact ferrets, because
virus was not detected in the nasal washes from
the contact ferrets at any time. Furthermore,
seroconversion was not detected by hemagglu-
tination inhibition (HI) analysis of postexposure
sera (Table 2). Both A/Duck/New York/15024/
96 and A/Turkey/South Dakota/7034/86, which
are representative avian viruses with an 02,3 SA
receptor preference, exhibited efficient replica-
tion in the upper respiratory tract, but no trans-
mission was detected between ferrets.

We introduced one— and two—amino acid
substitutions into the 1918 virus HA to produce
SC18 variants NY'18 and AV18, respectively. A
switch in receptor specificity from an 02,6 SA

Table 2. Clinical symptoms, virus replication, seroconversion, and transmissibility among ferrets inoculated with HIN1 viruses and among ferrets
exposed to the inoculated animals (contacts). The percentage of mean maximum weight loss is shown. NW, nasal wash.

Inoculated ferrets
Number with characteristic/total number

Contact ferrets

Number with characteristic/total number

Respiratory
Sneezing . Virus Seroconversion . Virus Seroconversion droplet
Weight Weight -
(day of loss (%) detected (range of HI loss (%) detected (range of HI transmission
onset) in NW antibody titer) in NW antibody titer)
SC18 3/3 (2) 3/3 (11.7) 3/3 1/1 (1280)° 2/3 (15.4) 3/3 3/3 (80—640) Efficient
Tx/91 3/3 (2) 3/3 (6.2) 3/3 3/3 (160-640) 3/3 (3.5) 3/3 3/3 (160-320) Efficient
Dk/Alb 2/3 (5) 2/3 (1.2) 3/3 3/3 (80—-1280) 0/3 0/3 0/3 None
AV18 0/3 3/3 (14.7) 3/3 1/1 (640)" 0/3 0/3 0/3 None
NY18 0/3 3/3 (18.9) 3/3 2/2 (320-640)" 13 (1.4) 13 2/3 (40—-80) Inefficient
“Only one ferret survived and was tested. tTwo ferrets survived and were tested.
Inoculated Contact Inoculated Contact
B

|091° E|D50’m|

Days post inoculation/contact

Fig. 2. Respiratory droplet transmissibility of 1918 viruses with mutated
HA proteins. Three ferrets were inoculated with 10° PFU of AV18 (A) or
NY18 (B) virus and placed in separate cages. Naive ferrets were placed in
cages adjoined to those of the inoculated ferrets, and viral shedding in the

|0910 Eleafn‘“

MW

in adjoined cages.

1 3 5
Days post inoculation/contact

upper respiratory tract was assessed on alternating days for inoculated (left)
and contact (right) ferrets. Results from individual ferrets are represented.
Solid and dotted bars of same shade represent a separate ferret pair housed
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(human) to an 02,3 SA (avian) binding pref-
erence abolished the transmissibility of the
pandemic virus (Fig. 2 and Table 2). Although
ferrets inoculated with AV18 virus exhibited
severe illness (Table 2 and fig S1) and shed high
titers of infectious virus in nasal washes (Fig.
2A, left), none of the three AV 18 contact ferrets
had detectable virus in nasal washes, and post-
exposure sera collected from contact animals
lacked antibodies against AV18. The NY18
virus, with dual 02,6 and 02,3 SA specificity,
also resulted in severe illness and death among
the inoculated ferrets, but it failed to transmit
efficiently, as evidenced by the paucity of clin-
ical symptoms and virus shedding among the
contact ferrets (Fig. 2B). Two of the three NY 18
contact ferrets seroconverted with relatively low
HI titers of 40 and 80 (Table 2). The lack of
efficient transmission was not due to the in-
ability of the NY18 virus to replicate to high
titers in the upper respiratory tract, including the
nasal turbinates (Fig. 2B, left, and fig S2).
Interestingly, no sneezing was noted among the
AV 18- and NY18-inoculated ferrets through a
14-day observation period, a finding consistent
with the lack of notable sneezing observed in
ferrets infected with H5N1 viruses (/7).

Despite the differences in transmissibility of
the parental 1918 (SC18) virus and the mutant
1918 viruses, similar damage to multiple lung
lobes was observed 3 days after intranasal infec-
tion (26) (Fig. 3). Ferret lungs infected with SC18,
AV1S, and NY18 viruses exhibited necrotizing
bronchiolitis and moderate to severe alveolitis
with edema (Fig. 3, A to E, I, and J). Viral antigen
was common in lung tissues, with localization in
the upper to lower portions of the bronchial
airways, bronchial and bronchiolar epithelium,
and hyperplasic epithelium within alveoli (Fig. 3,
F to H). Ferrets inoculated with control Tx/91 and
Dk/Alb viruses generally showed a lack of
significant lung lesions (Fig. 3, K to M).

Receptor binding, the initial event in influ-
enza virus infection, was a major determinant of
virus transmission efficiency of the HIN1 pan-
demic virus. This work also evaluates the viru-
lence of the 1918 virus in a ferret model, a model
that is believed to be more representative than
the mouse model of disease caused by influenza
viruses in humans. In contrast to other human
influenza virus strains, the 1918 virus demon-
strated uniquely high virulence and lethality in
ferrets. The mutant 1918 virus possessing 02,3
SA receptor binding (AV18) was equally viru-
lent in ferrets as the parental SC18 strain at the
dose administered. Remarkably, the AV18 virus
replicated in the upper respiratory tract as effi-
ciently as the parental SC18 virus, but it failed to
transmit to contact ferrets. Moreover, a human
02,6 SA binding preference is essential for op-
timal transmission of this exceptionally virulent
virus. The introduction of a single mutation that
converts the HA to dual 02,6 and 02,3 SA
binding specificity (NY18) reduced the high
transmissibility observed with the parental 1918

(SC18) virus. This result is consistent with the
previously demonstrated lack of transmissibility
of'an H5SN1 2003 virus that possessed dual 02,6
and 02,3 SA specificity due to a naturally ac-
quired mutation at HA residue 223 (H5 num-
bering; residue 227 by H3 numbering) (11, 27).

Our findings raise the possibility that, to be-
come more transmissible, the currently circulat-
ing avian influenza H5N1 virus may require a
receptor binding change to a predominant 02,6
SA binding preference. Such a modification of
H5 HA may result in improved virus binding to

v O R L
K end ey

b 4
BTN
o

% Tyt ﬁ‘kf [ e AR

Fig. 3. Photomicrographs of hematoxylin and eosin [(A) to (E) and () to ()] and immuno-
histochemically [(F) to (H) and (M)] stained lung sections from influenza virus—infected ferrets sampled
on day 3 after inoculation. (A to H) Lung sections infected by SC18 virus. (A) Severe necrotizing
bronchiolitis with severe diffuse alveolitis and edema. Scale bar indicates 50 um. (B) Severe diffuse
alveolitis; scale bar, 20 um. (C) Necrotizing bronchiolitis; scale bar, 30 um. (D) Necrosis and (F)
associated influenza viral antigen in submucosal serous glandular epithelium of a bronchus; scale bar,
50 um. (E) Margination and adhesion of neutrophils to endothelial cells of a pulmonary arteriole; scale
bar, 20 um. (G) Influenza viral antigen in epithelium of a primary bronchiole; scale bar, 50 um. (H) Viral
antigen commonly in macrophages and alveolar epithelial cells; scale bar, 20 um. (1) NY18 virus; severe
diffuse alveolitis with accompanying necrotizing bronchiolitis; scale bar, 50 um. (J) AV18 virus; diffuse
severe alveolitis and edema with necrotizing bronchiolitis; scale bar, 50 um. (K) Tx/91 virus; normal
alveoli; scale bar, 15 um. (L) Dk/Alb virus, purulent bronchiolitis (p) with peribronchiolar mixed cell
inflammation and associated moderate alveolitis (a); scale bar, 50 um. (M) Dk/Alb viral antigen in
bronchial epithelium; scale bar, 30 um.
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human tracheal epithelial cells expressing high
amounts of terminal 02,6 SA motifs and, simul-
taneously, in an improved ability to overcome
the inhibitory effects of human bronchial mucins
associated with 02,3 SA receptors (28). How-
ever, mutations that caused a shift from the
avian-type to human-type receptor binding spec-
ificity for the H1 subtype do not cause an
equivalent shift in specificity for the HS subtype
(24). Likewise, the amino acid changes required
to alter the H3 HA from an avian- to human-type
receptor binding specificity are different from
those required for the HI HA. Therefore, it is
likely that different avian HA subtypes have dif-
ferent structural requirements to confer receptor
specificity. Thus, it is currently unknown which
additional mutations in the HS HA would cause a
shift to the human-type specificity, which may be
required for HSN1 viruses to transmit efficiently
among humans.
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Protein Kinase C § and Prolyl Isomerase
1 Regulate Mitochondrial Effects of the

Life-Span Determinant p6

GShc

Paolo Pinton,»?* Alessandro Rimessi,’~>* Saverio Marchi,? Francesca Orsini,3*
Enrica Migliaccio,>* Marco Giorgio,>* Cristina Contursi,> Saverio Minucci,’
Fiamma Mantovani,®’ Mariusz R. Wieckowski,">® Giannino Del Sal,®’

Pier Giuseppe Pelicci,>*° Rosario Rizzuto™?+

The 66-kilodalton isoform of the growth factor adapter Shc (p66°") translates oxidative damage into
cell death by acting as reactive oxygen species (ROS) producer within mitochondria. However, the

signaling link between cellular stress and mitochondrial proapoptotic activity of p6é

6" was not

known. We demonstrate that protein kinase C B, activated by oxidative conditions in the cell, induces

phosphorylation of p66°™

recognized by the prolyl isomerase Pinl. Once imported, p6

and triggers mitochondrial accumulation of the protein after it is

6°" causes alterations of mitochondrial

Ca®* responses and three-dimensional structure, thus inducing apoptosis. These data identify a
signaling route that activates an apoptotic inducer shortening the life span and could be a potential
target of pharmacological approaches to inhibit aging.

he protein p66°™° (/-4 is an alternatively

spliced isoform of a growth factor adapter

that is phosphorylated upon oxidative
stress (2). Ablation of the p66°" gene causes
life-span prolongation with no pathological con-
sequence (2). A fraction of p66ShC localizes to
mitochondria (3—5), where it binds to cyto-
chrome ¢ and acts as oxidoreductase, generating
reactive oxygen species (ROS) and leading to
organelle dysfunction and cell death (5). The
route leading to p66°™ activation is still unclear.

Phosphorylation of a critical serine (Ser’®) is
necessary (2), but the kinase responsible has not
been identified. Moreover, mitochondrial p66ShC
is unphosphorylated, indicating that additional
regulatory elements must exist.

Mitochondria receive, under stimulation by
physiological agonists or toxic agents, Ca”"-
mediated inputs (6-8) that are decoded into
effects as diverse as metabolic stimulation and
apoptosis (9). Ca®>" responsiveness is a highly
sensitive readout of mitochondrial state: Partial

defects in mitochondrial energization, as in
mitochondrial diseases, cause defects in Ca>"
handling by the organelle (/0). Moreover,
mitochondrial Ca®>" uptake is modulated by
regulatory proteins such as kinases. Some pro-
tein kinase C (PKC) isoforms (//) specifically
affect the responses of mitochondrial Ca®" to
agonists (PKCP reduces them, whereas PKC(
enhances them) (/2). PKCs are also proposed
to be activated in conditions of oxidative stress
(13). We therefore used aequorin to monitor
cellular concentrations of Ca*, a green fluores-
cent protein with mitochondrial presequence
(mtGFP) to monitor organelle structure, and
other molecular tools to clarify the signaling
route linking the oxidative challenge to the
activation of p66°™ proapoptotic effect within
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